P osterior decompression via total laminectomy and discectomy is the most commonly performed surgical procedure for the treatment of acute cauda equina syndrome (CES) caused by a canal-filling disc. There is no consensus and a lack of information to advise on the management of acute CES caused by a recurrent disc prolapse as the condition is rare. Irrespective of whether CES is present, the practice for many surgeons is posterior discectomy for the primary disc herniation, revision posterior discectomy for a recurrence, and a subsequent posterior discectomy and fusion if a second recurrence occurs. However, the addition of fusion is controversial and not always necessary.
recurrence. In the presence of a second disc herniation, particularly a large one as in CES, fusion may also prevent sequelae of removal of large fragments of disc from the intervertebral space, such as loss of disc height, back pain, and deformity. Transforaminal and posterior interbody fusions have been performed in this setting with inconsistent results.
3
There are no previous reports describing anterior discectomy and fusion for CES caused by recurrent lumbar disc herniation. We report on 3 cases in which anterior discectomy and fusion were performed for this condition. The rationale for anterior surgery in each of the cases described was as follows: 1) to avoid potential complications related to posterior epidural scarring, 2) to enable a more extensive discectomy to eliminate the risk of recurrence, and 3) to treat postdiscectomy back pain that had complicated the primary posterior lumbar disc surgery in each patient. All 3 patients underwent anterior lumbar discectomy and fusion (ALDF) in which a stand-alone cage was placed at the level of the recurrent pathology.
Case Reports

Case 1
A 53-year-old man presented to our institution with CES due to a recurrent L5-S1 disc prolapse. He had previously undergone 2 posterior microdiscectomies at L5-S1. The patient's first surgery, 4 years previously, was a posterior L5-S1 microdiscectomy for CES caused by a canal-filling disc. Postoperatively, he recovered full bladder and bowel function and experienced complete resolution of bilateral leg pain. A recurrence of the L5-S1 disc prolapse occurred 2 years later resulting in right S-1 radicular leg pain. Revision right L5-S1 posterior discectomy successfully alleviated the leg pain, but the patient reported ongoing, intermittent low-back pain. Two years later he presented acutely with bilateral radicular leg pain, urinary incontinence, and an abnormal rectal examination with an absent bulbocavernosus reflex. MRI revealed recurrence of a large, right paracentral L5-S1 disc (Fig. 1) , and a diagnosis of CES was made in view of the objective evidence of acute sacral nerve root dysfunction.
Due to concerns regarding epidural and perineural scarring following the 2 previous L5-S1 discectomies, an anterior approach for discectomy was selected. Fusion was chosen because this was the patient's third presentation for the same-level pathology and the patient had ongoing low-back pain. The patient was operated on immediately via an anterior, left-sided retroperitoneal approach to access the L5-S1 disc, which was excised under direct vision. The posterior annulus fibrosus and posterior longitudinal ligament (PLL) defects were visualized using an operating microscope, and the sequestered fragments were retrieved without difficulty through the defect. The dural tube was found to be mobile and not adherent to the sequestrated fragments. Epidural scarring was seen but not directly encountered during the decompression. A stand-alone constrained anterior cage was filled with femoral head allograft mixed with bone marrow aspirate and placed into the disc space. It was fixed with constrained locking screws to facilitate fusion through the disc space.
On the 1st postoperative day, the patient's bilateral leg pain had resolved and the patient was able to ambulate. The patient's bulbocavernosus reflex had returned, the urinary catheter was removed, and he was able to micturate with voluntary control. Hospital discharge occurred on the 2nd postoperative day.
Postoperative MRI ( Fig. 2A and B) demonstrated adequate decompression. A radiograph at 8 months demonstrated satisfactory cage positioning ( Fig. 2C and D) . At 2 years, the patient reported no significant back or leg pain and he no longer required any analgesics. 
Case 2
A 39-year-old woman presented with acute onset of right leg pain and paresthesia in the S-1 nerve root distribution, perianal numbness, and painless urinary retention. Two years previously, she had undergone posterior discectomy at L5-S1 for right S-1 radicular leg pain. She reported improvement in leg pain following the surgery, but she had intermittent, residual low-back pain.
Neurological examination revealed reduced right perineal and leg sensation with no motor deficits. Her bulbocavernosus reflex was absent and her anal tone was reduced. MRI showed a large right paracentral L5-S1 disc ( Fig. 3 ) that was causing cauda equina compression.
An ALDF was performed immediately. The anterior approach was chosen due to concerns regarding epidural scarring from the primary surgery. Intraoperatively, under the microscope, a large posterior disc fragment contiguous with the disc was found to be compressing the dural tube. The PLL was taken down to expose the dura, and the disc was removed under direct vision without the need to dissect around epidural scar tissue. The exiting L-5 and traversing S-1 nerve roots were visualized, and a scar could be seen adjacent to the S-1 nerve roots in the lateral recesses on both sides. A stand-alone anterior fusion cage was packed with allograft bone and implanted.
Immediately postoperatively, the patient's urinary symptoms improved and her bulbocavernosus reflex returned. Her leg pain improved, but leg and perianal paresthesia remained. She was discharged on Day 3 postoperatively. At her 6-week follow-up, the patient reported continued improvement in back and leg pain and she had ceased taking all neuropathic analgesics. Postoperative MRI demonstrated satisfactory cauda equina decompression (Fig. 4) . At 1 year, the patient reported resolution of back and leg pain and normal bladder and bowel function. Neurological examination demonstrated reduced sensation to pinprick and light touch over the right perianal region and in the right S-1 nerve root distribution. Radiography demonstrated signs of bony fusion through the cage.
Case 3
A 30-year-old woman presented with sciatic pain in her right leg, incomplete urinary voiding, and perianal numbness. Examination demonstrated decreased perineal sensation and reduced anal tone on rectal examination. MRI showed a large right paracentral disc at L4-5 causing cauda equina compression (Fig. 5) . Three years previously, the patient had undergone a posterior L4-5 microdiscectomy for right leg pain; the procedure had improved her leg pain but left the patient with residual low-back pain following the surgery.
A diagnosis of CES was made, and ALDF (as described in Cases 1 and 2) was performed on the same day as presentation. Intraoperatively, a defect in the posterior annulus fibrosus was identified, and loose disc fragments were seen centrally, extending distally just beyond the superior L-5 endplate, as well as into the axilla of the right L-5 nerve root. Under direct vision with the microscope, these fragments were removed. Epidural scar tissue was not encountered and a posterior lip osteophyte on L-5 was also removed.
Immediately postoperatively, the patient's right leg pain improved and her bladder and bowel function returned to normal; however, sensory dysesthesia in the leg and perianal numbness remained. Postoperative MRI demonstrat- ed adequate cauda equina decompression at L4-5 ( Fig.  6A and B) . At 1 year, the patient still complained of sensory dysesthesia in the right leg with persistent perianal numbness. She reported no back or leg pain, and radiography demonstrated radiographic fusion through the cage (Fig. 6C ).
Discussion
The standard surgical treatment for acute disc herniation causing CES is posterior discectomy.
2,9 However, in cases of recurrent disc herniation, a repeat posterior approach poses a higher risk of dural tear, especially during dissection around the nerve roots in the presence of epidural fibrosis. 8 This may necessitate more extensive posterior bone removal for safe access to the disc material that needs retrieval.
3 Avoidance of posterior scar tissue and treatment of residual, postdiscectomy low-back pain were the rationale we used for performing primary ALDF for CES caused by recurrent disc herniation in the patients reported on in this article. The anterior approach obviated the need for dissection around epidural scar tissue, preventing the potential need for excessive posterior bone resection that might have been necessary to achieve safe access to the disc (with inherent risk of postlaminectomy instability), and addressing the residual, postdiscectomy low-back pain in each patient.
In cases in which herniated disc material is contiguous with the intervertebral disc, the anterior approach provides an added advantage because the PLL and annular tissue may act as a containing sac within which nuclear material may be more readily extracted via an anterior position. Once this material is removed, any remaining loose material within the canal, external to the herniation sac, may be extracted without the need for placing the dural tube or nerve roots under significant retraction. In our experience, the dural tube and nerve roots are placed under greater retraction when removing these intracanal disc fragments from the posterior position. In all 3 cases, we did not find it necessary to dissect around epidural scar tissue to safely remove compressive disc fragments from the canal. However, we did find that the anterior approach in this revision discectomy setting posed one additional risk. In all cases there was a thin anterior membrane over the anterior annulus of the disc, which is not usually present in a standard anterior approach to a nonoperated disc level. Presumably this was a reactive phenomenon from the previous posterior lumbar disc surgery. This may make vessel mobilization more hazardous when an anterior decompression is performed in the revision setting, which the surgeon should be aware of.
There are some disadvantages to and contraindications for the anterior approach for revision lumbar discectomy that the surgeon should be aware of including the requirement for an access surgeon, which can be difficult when the procedure is performed as an emergency procedure as in our 3 cases. In our institution, the senior surgeon carries out all the anterior approaches obviating the need for an access surgeon. This may not be the case in other centers. Additionally, vascular, ureteric, and visceral injuries are all considerable risks that are not present when using the posterior approach. We would urge caution with an anterior approach in the presence of the following factors: increasing age, great-vessel calcification, low bifurcating vasculature, history of abdominal surgery, and presence of anterior osteophytes, which can be adherent to the common iliac veins; all of these can all make the anterior approach more dangerous.
When surgery is indicated for a recurrent disc herniation, the most commonly performed revision procedure is a repeat lumbar discectomy alone without fusion.
10 This is the accepted standard of care that most surgeons would follow, and it is the treatment that we advocate in our unit. However, this is a controversial topic, and there remains much debate about the optimal surgical treatment for recurrent lumbar disc herniation. Addition of a fusion to the revision discectomy has been advocated in the presence of segmental instability, chronic back pain, and CES. 1, 4, 6, 10 The rationale for fusion in CES caused by recurrent disc herniation is that complete disc material clearance with fusion eliminates the potential for recurrent disc herniation. Furthermore, the disc space is stabilized, removing a further potential pain source should the patient experience ongoing low-back pain. ALDF is one option to achieve fusion with acceptable long-term functional outcomes 1, 5, 7, 12 and fusion rates for nonrevision discectomy patients.
1,5
However outcomes in the recurrent disc herniation population have not been studied. Alternative methods of fusion, including transforaminal and posterior interbody techniques, are likely to be as equally effective. Comparison studies of techniques are difficult to perform due to the rarity of the condition.
The purpose of this case report is to describe a novel technique for the treatment for acute CES caused by recurrent lumbar disc herniation. This is a rare condition, and as such, many different treatment strategies have been proposed. When possible, we would advocate repeat posterior lumbar decompression surgery as the treatment of choice for this clinical scenario, as this procedure has a lower complication rate than a fusion procedure. If the surgeon believes fusion is appropriate because of ongoing low-back pain, the risk of instability, or the wish to remove the entire disc so that recurrence is eliminated, transforaminal and posterior lumbar interbody techniques may be appropriate and effective. These posterior procedures carry different risks and benefits than an anterior fusion procedure.
Clearly the effectiveness and safety of this novel technique need further evaluation, but from our limited experience, ALDF has been an effective treatment option in cases of recurrent disc herniation causing CES in patients who have undergone a previous posterior discectomy at the same level and who have had ongoing low-back pain as a sequela of this primary procedure. Our patients reported an improvement in their back and leg pain at 1 year and resolution of their sphincter dysfunction, and we observed no cases of infection, dural tear, or vascular or neurological injury.
